Clinical evaluation of scapular dyskinesis (SD) aims to identify abnormal scapulothoracic movement, underlying causal factors, and the potential relationship with shoulder symptoms. The literature proposes different methods of dynamic clinical evaluation of SD, but improved reliability and agreement values are needed. The present study aimed to evaluate the intrarater and interrater agreement and reliability of three SD classifications: 1) 4-type classification, 2) Yes/No classification, and 3) scapular dyskinesis test (SDT). Seventy-five young athletes, including 45 men and 30 women, were evaluated. Raters evaluated the SD based on the three methods during one series of 8-10 cycles (at least eight and maximum of ten) of forward flexion and abduction with an external load under the observation of two raters trained to diagnose SD. The evaluation protocol was repeated after 3 h for intrarater analysis. The agreement percentage was calculated by dividing the observed agreement by the total number of observations. Reliability was calculated using Cohen Kappa coefficient, with a 95% confidence interval (CI), defined by Kappa coefficient ±1.96 multiplied by the measurement standard error. The interrater analyses showed an agreement percentage between 80% and 95.9% and an almost perfect reliability (k>0.81) for the three classification methods in all the test conditions, except the 4-type and SDT classification methods, which had substantial reliability (k<0.80) in shoulder abduction. Intrarater analyses showed agreement percentages between 80.7% and 89.3% and substantial reliability (0.67 to 0.81) for both raters in the three classifications. CIs ranged from moderate to almost perfect categories. This indicates that the three SD classification methods investigated in this study showed high reliability values for both intrarater and interrater evaluation throughout a protocol that provided SD evaluation training of raters and included several repetitions of arm movements with external load during a live assessment.
Introduction Scapular dyskinesis (SD) can be clinically characterized by the prominence of the medial or inferomedial border, early scapular elevation or shrugging on arm elevation, or rapid downward rotation during arm lowering [1, 2] . Several factors [3] [4] [5] have been shown to be related to altered scapular position and motion. Evidence exists regarding SD in patients with shoulder conditions, such as rotator cuff injury, labral injury, and multidirectional instability [5] . However, the relationship between shoulder symptoms and SD is still unclear [2, 5] . Subsequently, a comprehensive clinical evaluation of scapula is needed to understand its role in pain and to serve as a measure of impairment to guide suitable intervention programs [6] .
A large number of clinical evaluation methods of scapular position and motion with different operational and methodological definitions have been reported in the literature [7] [8] [9] . Three main studies [10] [11] [12] of SD visual dynamic evaluation are suggested in the literature: 1) 4-type classification, 2) Yes/No classification, and 3) scapular dyskinesis test (SDT). The 4-type classification proposed by Kibler et al. (2002) is based on the specific kinematics of the scapula's three-dimensional movement (Table 1) , and the Yes/No classification proposed by Uhl et al. (2009) [11] considers all patterns of scapular asymmetry suggested by Kibler et al. (2002) into the "Yes" category, and the symmetric scapular motion into the "No" category (Table 1) . McClure et al. (2009) [12] suggested that the SDT classifies SD based on the scapular movement disorder severity, i.e., obvious, subtle, and normal (Table 1) .
Overall, the methodological quality of reliability and validity studies varies from fair to poor categories [8] . The best evidence of reliability for visual dynamic evaluation methods found only two studies with good methodological quality, and still found Kappa values <0.7, which is recommended for reliability studies [9] .
The 4-type classification showed moderate interrater reliability (kappa of 0.42) in asymptomatic and symptomatic subjects [10] , and authors suggested that 10-min rater training, evaluating SD using video images and observing few cycles of arm elevation and lowering might have influenced reliability [10] . Uhl et al. (2009) compared reliability and validity between the Yes/No and 4-type classifications in asymptomatic and symptomatic subjects. Both classification methods showed moderate reliability, 0.41 and 0.44 Kappa, and 79% and 61% agreement, Table 1 . Original operational definitions of the classification methods of scapular dyskinesis.
4-type [10]

Type 1
Prominent inferior medial scapular border at rest and during arm motion
Type 2
Prominent entire medial scapular border at rest and during arm motion
Type 3
Elevation of the superior border and anterior displacement of the scapula at rest and shoulder shrug without the occurrence of significant winging of the scapula at the beginning of the movement
Type 4
Both scapulae are positioned symmetrically (the scapula of the dominant member may be a bit lower) at rest and turn symmetrically upwards with the medial border attached to the thorax during movement.
Yes/No [11]
Yes Types 1, 2, and 3: Patterns of scapular asymmetry
No
Type 4: Symmetric scapular motion
SDT [12]
Obvious Apparent prominence of any portion of the medial border or inferior angle or dysrhythmia, or excessive or premature movement of the scapula during elevation or lowering of the arm respectively. The validity of the Yes/No classification showed a higher sensitivity (74%-78%) than the 4-type (10%-54%) classification but presented decreased specificity (31%-38%) [11] . The SDT method presented moderate and substantial interrater reliability (Kappa, 0.48-0.61) in healthy overhead athletes. The same research group investigated the SDT validity through a three-dimensional electromagnetic kinematic testing while athletes performed shoulder flexion and abduction. Athletes clinically classified as having obvious dyskinesis presented less scapular upward rotation and clavicular elevation during arm elevation compared with athletes considered as having normal scapular motion [13] . The authors suggested that adding a load during arm motion helps to determine the pattern of abnormal scapular positioning [13] .
A modified method of the three assessment methods evaluated in the present study was proposed by Struyf et al. (2009) [14] and evaluated in healthy musicians by separately observing tilting, winging, elevation, protraction, and rotation of the scapula [14] . This method presented better reliability only for tilt and winging (Kappa, 0.52 and 0.78, respectively), during unloaded abduction movement compared with loaded (Kappa, 0.24 and 0.50, respectively) [14] .
The current "Scapular Summit" consensus recommends SD assessment by visual dynamic methods [5] , but an improvement of reliability is needed to strengthen the understanding of SD on the shoulder complex [5, 8] . Provided that improved reliability values can be achieved by methodological improvements suggested by the three main studies [10] [11] [12] evaluated in the present study and considering the potential lack of consensus regarding appropriate measure and reduced reliability values [8, 9] , this study aimed to evaluate intra-and interrater reliability of the main three SD classification methods, 4-type, Yes/No, and SDT, by using methodological improvements suggested by the original authors [10] [11] [12] .
Materials and methods
Participants
This cross-sectional study on clinical evaluation included 75 young athletes (45 men). The participants were recruited by verbal invitation at a gymnasium during a sports event that brought together athletes from various sports. A blinded physical therapist collected the anthropometric and demographic data, number of years spent playing the current sport, hand dominance, and presence of shoulder pain via verbal interview. The convenience sample included athletes of the following sports: baseball (n = 11), judo (n = 5), taekwondo (n = 6), volleyball (n = 8), basketball (n = 21), jiu-jitsu (n = 23), and swimming (n = 1). The athletes stated that they were professional (n = 9), amateur (n = 57), and recreational (n = 9) players. All had a full range of arm elevation and lowering. Eight volunteers self-reported shoulder pain intensity in the dominant upper limb between 1 and 4 on the numeric pain scale [15] . Participants were excluded when reporting any history of shoulder surgery, scapular, humeral, or clavicular fracture, visually detectable misalignment in the thoracic spine, and systemic diseases. The study was approved by the Research Ethics Committee of São Paulo State University (protocol number 0754/2013). All study participants signed a consent form, which outlined their risks in participating in the study.
Procedures
Two blinded physical therapists (PT A and PT B ) independently performed the SD assessment. Both physical therapists were undertaking a post-graduate degree (Masters and PhD) in musculoskeletal physical therapy and had two years of orthopedic experience. The physical therapists underwent a 9-h training session divided in three days. On the first day, the raters separately studied the original descriptions and analyzed photographs of the three SD classifications by the authors, i.e. 4-type [10] , Yes/No [11] , and SDT [12] . On the second day, both raters analyzed the videos presented in the McClure et al. (2009) study [12] , performed the assessments without knowledge of the other outcomes, and compared and discussed the differences. On the third day, the raters independently assessed eight asymptomatic volunteers, and results were subsequently compared and discussed.
During the assessment, the participants initially stood in a relaxed position with arms at the sides, elbows straight, and shoulder in neutral rotation. Subsequently, the participants were instructed to raise both arms above his or her head simultaneously as much as possible in a 2-s period, and then lower the arms for 2 s [11, 12] . The participants performed one series of 8-10 cycles (at least eight and maximum of ten) of elevation and lowering of the arms with weighted loads based on their body mass. Participants who weighed <68.1 kg and !68.1 kg used 1.5-kg and 2.5-kg dumbbells, respectively [12] .
The raters stood approximately 2 m behind the participants with freedom to move during the test to observe the scapula from any point in the posterior frontal and sagittal planes, without performing any other evaluation, such as palpation. The raters performed the assessment simultaneously, and independently, i.e., they did not communicate their results to each other at any time, and their recordings were obscured by using a folder that covered the notes from the view of each other.
First, the raters defined the SD on Yes/No classification. Second, they chose the altered specific scapula movement (Type 1, 2, or 3) if SD was classified as "Yes." Finally, the raters judged the degree of observed abnormal movements (obvious or subtle). If classified as "No," it was classified accordingly as Type 4 and normal for SDT classification. Only one rater explained the test procedures to volunteers dx.doi.org/10.17504/protocols.io.imycc7w [PROTOCOL DOI].
The raters assessed both sides, but only data from the dominant upper limb were considered in this study for data reduction. After 3 h, the evaluation protocol was repeated to determine intrarater agreement and reliability.
Statistical analysis
Data analysis was performed using Statistical Package for Social Sciences (SPSS) software (version 17, SPSS, Inc, Chicago, IL USA). The agreement percentage \was calculated by dividing the observed agreement by the total number of observations, which indicated how identical the repeated measurements were, i.e., the degree to which the raters agreed on themselves (interrater agreement), and how much each rater agreed with himself or herself (intrarater agreement) [16] .
Intra-and interrater reliabilities were determined using Cohen Kappa coefficient, with its 95%, confidence interval (CI) defined by the value of the Kappa coefficient ±1.96 multiplied by the standard error of the Kappa coefficient [17] . The Cohen Kappa coefficient is recommended to determine the relative agreement between evaluators for nominal or categorical data, which eliminates the effect of the expected agreement at random [16] . The unweighted Kappa coefficient was used for nominal classification of SD based on the 4-type and Yes/No classification, and the Kappa coefficient with linear weighting was used for the ordinal classification of SD by SDT. The Kappa coefficient amplitude was 0 to 1, wherein the agreement strength followed these values:<0, poor; 0.01-0.20, slight; 0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80, substantial; and 0.81-1, almost perfect [17] .
The magnitude of the Kappa coefficient can be influenced by the prevalence index that reflects the prevalence of an attribute and by bias that is the extent to which the raters disagree on the proportion of positive (or negative) cases. Thus, these factors should be taken into account in interpreting the Kappa values [17] . The prevalence index was calculated by estimating the difference in the proportion of agreement on the positive and negative cases for the two raters (interrater reliability) and two evaluations (intrarater reliability) with values ranging from −1 to +1, where 0 indicates equal probability of positive and negative cases [18] . The bias index was calculated by estimating the difference in proportions of positive cases between the two raters (interrater reliability) or two evaluations (intrarater reliability). The absolute value of bias index ranges from 0 to 1, where 0 indicates equal marginal proportions [18] . Types 1, 2, and 3 were defined as positive cases for the 4-type classification, and obvious and subtle categories for SDT classification were defined as positive cases for index calculations.
Results
Interrater agreement and reliability analyses of SD classification were obtained from 75 participants (Table 2) . Intrarater agreement and reliability were based on analyses of 57 participants because 18 participants could not return for the second evaluation. Table 3 shows the number of participants classified with SD by each examiner and each category. Out of 75 participants, 39% to 53% were categorized with altered position or motion of the scapula during arm movements. Table 4 presents the interrater agreement and reliability. The three classifications of SD presented agreement values ranging from 80% to 95.9%. Furthermore, all classifications presented almost perfect reliability (k > 0.81), except the 4-type and SDT classifications obtained in the (Table 5) . Intrarater reliability for both raters, on the three classifications, was substantial (0.67-0.81). However, the CIs indicated that reliability for the population was between moderate and almost perfect categories ( Table 5 ).
The prevalence index for both inter-and intrarater reliabilities showed mostly small negative values, i.e., no prevalence effect. Slightly larger values for rest and abduction movement occurred because of higher proportion of agreement on negative cases, but the prevalence index was still small (Tables 4 and 5 ). The bias index presented values very close to zero, indicating no difference in proportions of positive cases between the two examiners (Table 4) or between the two evaluations of each examiner (Table 5 ). 
Discussion
In this study, inter-and intrarater reliabilities were almost perfect and substantial, respectively, for the three SD classification methods namely: 1) 4-type classification, 2) Yes/No classification, and 3) SDT. The CI values of the Kappa coefficient that enables a statistical inference for the population encompassed the substantial and almost perfect categories of interrater reliability for the SDT and Yes/No classifications, and moderate category for the 4-type classification. For intrarater analysis, CIs covered moderate reliability for the three SD classification methods. Several elements highlighted in previous studies for improving agreement were applied in the present study. The present study used the suggestion by Uhl et al. (2009) [11] to increase the number of arm elevation and lowering cycles used to observe SD and the suggestion by The original studies demonstrated methods with moderate reliability to classify overall SD [10] [11] [12] . The 4-type classification presented moderate inter-(Kappa = 0.42) and intrarater (Kappa = 0.49) reliabilities among physical therapists using a videotape in asymptomatic and symptomatic subjects [10] . The same result was found for Yes/No classification (Kappa = 0.41), with an agreement percentage of 79% between raters in asymptomatic and symptomatic subjects [11] . The SDT classification presented moderate and substantial interrater reliabilities (Kappa, 0.48-0.61) and agreement percentage from 75% to 82%, based on live evaluation and videotape [12] in healthy overhead athletes.
Huang et al. (2015) [19] added the possibility of visual observation and manual palpation combined for an easier SD evaluation on detecting the posterior displacement of scapular inferior angle or medial border during arm movements in subjects with shoulder pain. The authors also suggested the inclusion of mixed pattern SD classification (e.g., types 1 and 2) in the same scapula. This modified method resulted in a reliability that ranged from moderate to substantial (Kappa, 0.57-0.64) during the arm-lowering phase. These authors also investigated scapular kinematics during arm motions between patients with shoulder pain with and without SD. Findings revealed that patients classified with type 2 and mixed pattern presented increased scapular internal rotation during the arm-lowering phase, and patients classified with type 1 showed increased scapular anterior tilt compared with patients without SD (type 4) [20] . The present study did not include the modified method proposed by because it aimed to evaluate the main three SD classification methods and also because palpation could not be simultaneously performed by the two raters.
Comparing the three classification methods evaluated in the present study, only the Yes/No classification showed an almost perfect interrater reliability during rest, flexion, and abduction. This finding may be because the "Yes" rating is more inclusive and does not limit the rater to selecting a single plane to observe the change. Uhl et al. (2009) investigated the validity of the Yes/No classification where they found that sensitivity and specificity ranged from 74% to 78% and from 31% to 38% for scaption and shoulder flexion, respectively [11] . Therefore, this classification better identifies the true presence of SD but is less specific and suggests a risk of classifying participants with SD when SD is absent [11] .
Our findings suggested that SDT and 4-type classification presented a slightly less interrater reliability during abduction test compared with rest and shoulder flexion. These decreased Kappa values might have been affected by two factors: prevalence index and agreement percentage. The increased prevalence index means that raters agreed more that participants did not have SD (38/ 75 observations for the 4-type classification; 38/75 observations for SDT) than that they had SD (25/75 observations for the 4-type classification; 22/75 observations for SDT) during shoulder abduction. This result is consistent with the previous study, wherein raters observed obvious dyskinesis more frequently during shoulder flexion (91/284 observations) than during shoulder abduction (54/284 observations) [12] . The reduced agreement percentage (84% for the 4-type classification; 80% for SDT) during abduction compared with shoulder flexion (89% for the 4-type classification; 89% for SDT) might also have affected Kappa values.
Previous studies used video recordings of the scapular motion taped from the back of the participants to determine the intra- [10] and interrater reliabilities [10, 12] . McClure et al. (2009) [12] used live rating, but the examiners were allowed to be aware of the judgments of the other raters [12] . The "Guidelines for reporting reliability and agreement studies" [16] recommends that no communication should be allowed in studies where raters simultaneously conduct an evaluation. The present study protocol included live rating because it allowed viewing the scapula from more angles than those available in videotapes; raters were aware they could not discuss their classifications.
Several factors make SD challenging in the clinical context, such as high variability of scapular movement, possibility of adaptive strategies, difficulty of a "normal" pattern definition, poor methodological quality regarding properties, and lack of clarity in the relationship between SD and presence of symptoms [9, 21] . Based on the findings of the present study, we recommend to add at least eight repetitions of shoulder movements with external load based on body mass (1.5 kg or 2.5 kg) and an SD evaluation training (SD description study, photographs and videos analyzed, and pilot assessment) of physical therapists that do not need to be an expert in the field. The present study added load during arm motions based on McClure et al. (2009) [12] . A modified method proposed by Struyf et al. (2009) [14] presented better reliability during unloaded shoulder abduction compared with loaded movement using a different classification method. Adding load to the movement seems to improve the reliability of SD classification depending on the evaluation method. More information is required regarding adding load to the movement and also further research into new approaches to scapular evaluation based on whole system and context instead of the scapula alone [21] .
Similar to the previous videotape methods, this study has a limitation because it does not consider the scapulothoracic variability found in real clinical situations when two or more examiners assess patients in different moments. Another limitation is that the sample profile included only athletes without self-report of shoulder pain present during the assessment. More information is required regarding the SD judgment as proposed in this study in patients with pain or range of motion limitation. Two strengths of this study included a comparison of the three SD classifications using the same protocol, and the protocol that considered the recommendations of each author to improve SD identification.
Conclusions
The SDT, Yes/No, and 4-type SD classification methods investigated in the present study showed high reliability values for both intra-and interrater assessments throughout a protocol, including training of the raters, multiple repetitions of the arm movements, and external load in a live setting. 
Supporting information
Author Contributions
Conceptualization: Denise Martineli Rossi, Jaqueline Martins, Anamaria Siriani de Oliveira.
